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NATIONAT, ADVISORY COMMITTEE FQOR AERONAUTICS
TECHNICAL NOTE NO. 1438

EFFECT OF SIMULATED SERVICE CONDITIONS ON PLASTICS
DURING ACCELERATED AND 2-YEAR
WEATHERTNG TESTS

By W. A. Crouse, D. C. Caudill, and F. W. Relnhart
SUMMARY

The effects of outdoor weathering for 2 years and of an accelerated
woathering test on the weight, dimensional stability, and flexural
properties of selected reinforced plestics were investigated. The
regults of all tests, both in this report and the previous rsport
(NACA TN No. 1240), indicate that none of the laboratory aging tests
correlated with outdoor weathering with respect to all propertles and
all materlals.

INTRODUCTION

This report supplements information given in & previous report on
this seme subject (reference 1l). The results of a 2-year outdoor
weathering test and an accelerated weathering test (Method 6023 s
reference 2) on the welght , dimensionsl steblility, and flexural prop-
erties of selected relnforced plastlce are presented.

This investigation, conducted at the Netional Bureau of Stendards P
was sponsored by and conducted with the financlal assistance of the C
National Advisory Committee for Aeronsutics. o .= -

MATERTATS AND TEST PROCEDURES ' .

The materiasls tested were the same as those used in the tests
previously reported in reference 1. A description of the materlals
is given in table I, which has been reproduced from reference 1 for
convenience. The dlmenslons of the specimens were also the same as
those described in reference 1.

The 2-year outdoor weatherling test was & contlouation of the
l-year test previously reported (reference 1).
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The accelersted weathering test was made in accordance with Method
No. 6023 of Federal Specification L-P-406a (reference 2). This test )
involves exposure to cycles of—soaking, freezlng, drylng, and radiation .
rich in ultraviolet 1light. The conditlons used in this testare as
follows:

(&) 24 hours at 100° F (38 C) over water
(p) 4 hours at—70° F (-57° C)
(c) 16 hours at 160° F (71° ¢)
(&) L4 hours of exposure to ultraviolet radiation

In (a) the condition was obtalned by suspending the specimens
individually over water in 8-ounce bottles. In (b) and (c¢) the low
and high temperatures were attained by placing the specimens in e low-
temperature test cabinet and in a circulating-air oven, respectlvely.
In (d) the source of ultraviolet radiation was an S-1 bulb in a sunlamp,
as specified in Method No. 6021 of reference 2. During this part of the
cycle the specimens were turned end for end every 2 hours to obtain more
uniform exposure to the radiation over the entire lemgth. The bolte and
nute above the dlsk were arranged so as to—be suitable for holding the
1l- by 3-inch specimens. C '

The weight and dimensions of one set ofspocimens were measursed

within 10 minutes after the conclusion of 1, 3, 5, and 10 cycles. The .

flexural propertles were determined on other sets at the end of 5 and
10 cycles, respectlvely, after conditioning at 77° F and 50-percent —

relative humidity for 48 hours. .

RESULTS AND DISCUSSION

Welght and Dimensionsl Chenges

The percentage changes in weight, length and wildth, and thiclkness
of the materials on exposure to the 2-year outdoor weathering and
accelerated weathering tests are shown in table II. Id most instances
the percentage changes in welght, length, width, and thickness decresased.
Of those showing increases, most were observed in thickness.

Comparing the accelerated service tests generally, test IV caused the
greatest changes followed by accelerated weathering test 6023; it is
to be noted, however, that the effects of accelerated tosts are different
from the outdoor weathering test as shown by the differences in the
rankings (table III) for the outdoor and for the accelerated service

tests. «

The relative weight and dimensional stability of the various

materials are shown in table ITI. The results of aging tests shown in -

table V of reference 1 are incorporated into thie table for comparison.
The rating method 1s the same as used in reference 1.
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Changes in Flexural Propertises

The percentage changes in flexural strength, flexural modulus of
elasticity, and maximum deflection in flexure of the materials on =~
exposure to the 2-year oubdoor weathering and accelerated weathering.
tegsts are shown in table IV. ’

Considering the tests shown 1n table IV of reference 1 and table IV
of the present report, the 10-cycle accelerated service test IV gives
percentage changes in flexural strength of approximately the same order
of magnitude as the 2-year outdoor weathering and is the most severe of
the aging procedures wlth respect to changes in flexural strength.
However, the rankings of different materials for the outdoor weathering
and accelerated weathering test IV are not in concordance.

The relative retention of flexural strength by the various materials
ls shown in teble IIT. The aging tests shown in table V of reference 1l
are incorporated into thils table for comparison. The rating method is
the same as used in reference 1.

Correlation of Laboratory Aging Tests
with Outdoor Weathering

Correlation coefficients of rank were obtalned by comparing the
rankings of the plastics for the accelerated wedthering tests with the
rankings for the outdoor weathering tests. No accelerated weathering
tests correlated with the outdoor weathering tests sufficiently well
to be regarded in any way as a useful substitute. It 1s worth noting
that the five accelerated service tests show concordance among themselves
to a statistically significant extent, though they do not reproduce the
renking of the outdoor weathering tests. _ .

CONCLUSION

A comparison of the degree of correlation of the results obtailned
in the various laboratory aglng procedurses with those observed in the
1- and 2-year exposure tests out of doors, confirms the previous con-,
clusion that nons of the laboratory tests glve results with all the
materials and for all the properties which correlete with the results

of outdoor weathering. .

National Bureau of Standards '
Washington, D. C., April 16, 19k7 o R
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TABLE II.- CHANGES IN WEIGHT AND DIMENSIONS OF PLASTICS DURING

OUIDOOR AND ACCELERATED WEATHERING TESTS

Changes during accelerated
Changs during :
Mebordial outdoor wea.th?s.ng teat
desig- weatherlng test,
nation 2 years 1 3 5 10
(percent) 1, 1o 1
(a) cycle cycles cycles cycles
(percent) | (percemt) | (percemt) | (percent)
Welght
Al -1.05 -2.26 -3.10 -3.hh -3.98
B1°¢ 1.63 -.73 -.62 -.65 -.76
B1d 1.68 -.79 -.76 -.81 -.98
c1 1.52 -.85 -.87 -.97 -1.13
D1 .30 -1.34 -1.70 -1.88 -2.10
El -9 -.3k -.43 -7 -.56
Fl -.22 -1.50 -1.85 -2.00 -2.26
0 -.20 -1.27 -1.58 -1.69 ~1.93
11 -.79 -1.70 -2.25 2.7 -2.7h
Jl -.92 -1.h2 -1.88 -2.12 -2.4o
.al -.84 -1.22 -1.36 -1.38 -1.36
Iength arnd width
Al -0.18 -0.26 -0.38 -0.hk -0.54
B1° -.16 -1k -.16 -.16 -.18
B1d -.20 -1k -.1% -.1% -.20
c1 -.16 -.08 -.10 -.10 -.08
Dl -.12 -.16 -.20 -.23 -.30
EL 02 .00 .00 .00 .00
F1 -.22 -.20 -.2h -.28 -.36
o -.18 -.19 -.26 -.29 -.38
I -.12 -.16 -.22 -.26 -.15
Ji -.11 -.1h -.20 -.22 -.30
b:ul -.10 -.07 -.08 -.07 -.13
Thlckness
Al 0.46 -0.0k -0.04 0.08 -0.35
B1° %.33 22 .55 .63 i
p1d 4.85 27 43 T R}
c1 4.06 .03 L1k 27 -.02
Dl 1.10 -.18 -1 -.13 -.h1
Bl .39 .28 .10 .10 -.19
Fl 1.17 -.19 -.08 -1k -2.18
p: 1 .96 a1 .02 A2 -.09
Il -.05 -.13 24 -.13 -2
Ji -.03 .08 .05 -.19 -.43
K -.51 .05 .13 -.15 -.36

Syashington, D. C.; specimens facing south on racks inclined at—45°.

PMethod. No. 6023, Federal Specification L-P-4oba (reference 2).
cSpecimsns cut lengthwise.
poeclmens cut croasswlse.

s
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NACA TN No. 1438

TABLE IV.- CHANGES IN FLEXURAL STRENGIH, MODULUS. OF ELASTICITY,
AND MAXIMUM DEFLECTION IN FLEXURE OF PLASTICS DURIRG
OUTDOCR AND ACCELERATED WEATHERTING TESTS

Changes during acoelerated
Change during
Maborial Tnitial strength outdoor weathez('ﬁls test
dosigm (1b/sq in.), modulus | weathering test,
natign (1b/sq in.)z or 2 years 5 - 10
defisction {(mils) (pez(-:snt) cycles oycles
(percent) (percent)
Flexural strength
Al 12,700 -13.4 -8.7 -25.9
B1C ko ,600 ~37.6 ~14.3 -18.5
B¢ 29,000 ~39.3 -13.1 -15.9
c1 25,100 ~35.3 -4.6 -7.7
poi 23,500 -2k4.3 .7 -4.3
K 34,100 2.6 =17.9 -11.1
Fl 16,100 ~20.5 1.9 -15.5
H 13,100 ~2h b -3.0 -6.9
I 22,500 ~24.9 -6.6 -8.3
J1 17,ko0 ~18.4 .6 -1.2
bl 9,000 8.6 1.1 3.3
Modulus of elasticity 1n flexure
AL 1,170,000 ~ko.2 -41.7 -h7.2
B1C 3,363,000 ~-34.8 -16.3 -18.9
pd 1,845,000 -27.8 -20.0 -23.9
CL 2,567,000 ~29 k4 -13.5 -16.0
D1 1,920,000 ~18.1 -10.6 -10.9
E 1,810,000 ~7.1 -1k .k -13.
Fi 706,000 2.0 42 -8.8
H 652,000 ~25.3 -17.5 -17.9
i 1,238,000 -18.2 -10.5 -1L.7
'Il 1,121,000 "'22-1 '22-0 -25-3
K 986,000 -1.9 11.6 13.8
Meximum deflection in flexure

AL 24.0 1.7 3.3 45.8
B 26.4 -2.6 1.4 8.8
Bl 31.0 .0 21.9 38.7
CL 27.4 .0 2.1 23.h
Dl 21.5 ~10.2 8.8 10.7
Bl k5,7 5.0 43.5 18.8
Fl T2.7 ~39.9 7.2 -8.2
H 68.2 ~h0.2 -8.6 3.7
pul 65.2 ~18.4 -8.9 -1.5
Jl hi.p ~13.8 14.8 16.5
X 21.0 6.2 -3.8 -4.8

SWashington, D. C.j specimens facing south on racks inclined at 45°.
ethod No. 6023, Federal Specification L-P-L06a (reference 2).

®Specimens cut lengthwise. '
pecimens cut crosswise.



